Background: In the real-life setting of a specialized anticoagulation clinic we think that the patient's INRs fall within the therapeutical range most of the time. Our study aimed to assess the time spent by patients treated by Warfarin with INR between 2.0 and 3.0, as well the time spent between 1.5 and 3.5. We chose this new range (1.5 -3.5) because we think that it is safe and completely acceptable in real-life situation, and requires only minor adjustments to return to treatment goal of 2.0 to 3.0.
Introduction
Warfarin has been used for the treatment of thromboembolic events (TE) for decades. Since the introduction of new oral anticoagulants, this treatment seems a less pragmatic choice. Indeed, the narrowed therapeutic index and the numerous intrinsic and extrinsic interactions make Warfarin less appealing to clinicians [1] [2] [3] . However, Warfarin remains the most studied anticoagulant available, as well as the only oral agent with an effective antidote.
Warfarin necessitates serial follow-up, which, although most often seen as an encumbrance, can be an advantage, especially in an ageing population with many comorbidities. For one thing, serial International normalized ratios (INR) are a measure of observance to treatment, as well as informative to clinicians about the thrombosis and bleeding risks of patients. In addition, advantages of Warfarin over newer anticoagulants include availability of antidote in case of bleeding, and safe, effective, and inexpensive treatment.
In most large randomized controlled studies, the proportion of INR values falling within the chosen therapeutic range of 2.0 -3.0 is relatively low. In the EINSTEIN-DVT and PE studies, the proportion of INR values falling within this target range were 57.7% and 62.7% respectively, suggesting newer anticoagulants were superior because they seems to provide anticoagulation within therapeutic target at all times [4, 5] . We think that this should not be considered to discourage the use of warfarin.
We argue that time spent within the therapeutic range of INR, rather than the percent of values falling within that range, is important to measure. In the real-life setting of a specialized anticoagulation clinic, the patient's INRs fall within the therapeutical range most of the time. We also believe that, although the well-established INR therapeutical range is 2.0 to 3.0, the range between INRs of 1.5 and 3.5 is These authors contributed equally to this worksafe, and requires only minor adjustments to return to treatment goals of 2.0 to 3.0.
We aimed to assess the time spent by patients followed at our anticoagulation clinic with INR between 2.0 and 3.0, as well the time spent very close to those therapeutic targets (1.5 to 2.0 and 3.0 to 3.5).
Materials and Methods

Study design
We conducted a single-center, retrospective observational cohort study at Hopital Hotel-Dieu (HDM), Centre Hospitalier de l'Universite de Montreal (CHUM) between June 2010 and December 2011. All adult (≥ 18 year-old) patients followed at the anticoagulation clinic of the department of Internal Medicine during the study period were included. Inclusion criteria were as follows (a) to be treated for venous TE event (either deep vein thrombosis (DVT) or pulmonary embolism (PE)) with Warfarin, and (b) to have at least 3 INR measurements during the study period.
Patients were excluded from the study if they were anticoagulated for reasons that differed from inclusion criteria. They were also excluded if they were not on Warfarin at the time of the study, were anticoagulated with anti-Xa, direct thrombin inhibitor drugs or low molecular weight heparin (LMWH). Patients with antiphospholipid syndrome with target INR of 2.5 to 3.5 were also excluded.
For each patient, we collected data for a maximum of one year from either the beginning of the study period (prevalent TE cases) or the occurrence of the TE event (incident TE cases). Patients' demographic and clinical characteristics, laboratory tests results, use of antiplatelet drugs, concomitant low molecular weight heparin administration, thromboembolic and hemorrhagic events were collected from the hospital electronic chart system and the anticoagulation clinic charts.
The co-primary outcomes were the proportion of time spent with INR between 2.0 and 3.0 and between 1.5 and 3.5, as measured with the linear interpolation method described by Rosendaal et al [6] . This method measures the proportion of time spent between two INR values, rather than focusing on the ratio of INR values lying between two values. This method gives a better picture of the extent of therapeutical anticoagulation with Warfarin, while capturing the impact of extreme values of INR. Figure 1 illustrates the differences between the linear interpolation and proportional methods.
Secondary outcomes were the proportion of INR values between 2.0 and 3.0 in different groups, the occurrence of recurrent TE events, any bleeding and major bleeding events.
Recurrent TE events were defined as recurrence of symptomatic DVT of the lower or upper extremities or PE, while on treatment with Warfarin. Recurrent events had to be confirmed by Doppler examination, pulmonary ventilation/perfusion scan or pulmonary computed tomography with infusion of contrast media. Any bleeding was defined as inpatient bleeding or outpatient visits with major or minor bleeding. Major bleeding was defined as bleed in an important organ (intra-cranial, intra-ocular, intra-articular, etc), bleeding requiring blood product transfusion, a drop of more than 20 g/L in hemoglobin, bleeding requiring a surgical intervention or permanent discontinuation of anticoagulation.
TE and bleeding complications were assessed from discharge records and clinic follow-up notes.
Statistical analysis
Patient population characteristics were reported using the appropriate descriptive statistics according to variables dis- 
tributions.
The proportion of time spent within predefined INR ranges was assessed by linear interpolation, as the proportion of time spent within the INR range assuming that INR variation between two consecutive values is linear. Since the distribution of the data was not normal, the Krustall-Wallis test was used to compare proportion of time spent with target INR between subgroups. All statistical analyses were done using R Core Team (2012) [7] .
The study was approved by the CHUM's ethic committee.
Results
Study patients
Patients were recruited at the anticoagulant clinic of the Hopital Hotel-Dieu of the CHUM between June 2010 and December 2011. A total of 347 patient's charts were reviewed and 110 did not meet the inclusions criteria: 85 had a pathology that differed from DVT or PE, and 25 had less then 3 INR values. Reasons for exclusions are detailed in Table 1 . Mean age of our population was 61 years old (21 
Number of patients (n)
Less than 3 INR values 25
Auricular fibrillation 17
Superficial venous thrombosis 11
Use of LWMH 11
Lack of data 10
Arterial embolic/thrombotic event/APLS 7
Outside the study period 5
Follow-up done by another service 3
No anticoagulation 3
Cerebrovascular event 3
Retinal thrombosis 3 to 97 years old) with a slight majority of women (125/237, 53%). Ninety (38%) patients had a past medical history of DVT/PE and 88 patients (37%) were anemic at the time of the study. Twelve patients (5%) had a past medical history of bleeding and 22 (9%) were on a concomitant antiplatelet drug regimen while on Warfarin (Table 2) .
Treatment and INR evaluation
The median duration of follow-up was 281 days (Interquartile (Fig. 2) . Table 3 summarizes the median time spent within INR targets according to patient's characteristics. Patients with chronic kidney disease were followed for longer period and had a median proportion of time at target INR of 80%, IQR (72-90%) as compared to 65%, IQR (48-83%) for patients without chronic kidney disease; p-value for difference is 0.048. There was a trend for an increased proportion of time spent within target INR with increasing age, but only few patients had a TE before the age of 40 years old (n = 25) and this did not reach statistical significance. There were no differences in time spent within INR target according to sex.
Recurrent venous TE and hemorrhagic complications
There was a single recurrent TE event (Table 4 ). An 87 years old woman suffered a recurrent PE with an INR value of 2.1, representing a recurrence rate of 0.62 per 100 personyears (p-y), 95%CI (0.02 -3.38). No underlying condition was identified to explain the recurrence.
There were 6 minor bleeding episodes (incidence rate 3.69 per 100 p-y, 95%CI (1.37 -7.86)) and 10 majors bleeding episodes (incidence rate 6.15 per 100 p-y, 95%CI (2.99 -11.02)) during our study period (Table 4) . INR values were obtained in 3 of the 6 minor bleeding events (INR 2.0, 2.4 and 2.9) and all but one of the major bleeding events (INR 1.1, 1.4, 4.1, 2.6, 2.7, 3.8, 4.1, 6.3, and > 9.0). None of these Table 2 . Baseline Characteristics of Patients (n = 237) All data are no. (%) of patients unless otherwise indicated; * Defined by a hemoglobin value < 120 for women and < 140 for men; ** Defined by an elevation any liver function test (LFT) at three times the upper normal limit. episodes were intracranial bleeding or fatal. Two of the minor hemorrhagic events were epistaxis, one ENT related bleeding, one macroscopic hematuria, one hematochezia secondary to anal fissure and one iron-deficiency anemia secondary to menorrhagia. The majority of major bleeding episode were caused by gastrointestinal (GI) bleeding, with 5 episodes of lower GI bleeding and 2 of upper GI bleeding. The other hemorrhagic events were one post-traumatic leg hematoma, one knee hemarthrosis and one thigh hematoma that lead to hemodynamic instability and required transfusion of 3 packed red blood cell units. Overall, six of the major bleeding events required transfusion of blood product. Eight of the 10 major hemorrhagic episodes resulted in permanent termination of anticoagulation therapy.
Total n (%)
Age
Discussion
The purpose of this study was to review the performance of the internal medicine anticoagulation clinic at the HotelDieu de Montreal of the CHUM. Our results show that patients spend a median of 68.9% of their time within therapeutical INR (between 2.0 and 3.0), and 98.7% of their time very close to therapeutical INR values (between 1.5 and 3.5) where bleeding and thrombosis risks are low. Surprisingly, we observed higher proportions of time spent with therapeutical INR values in patients with renal failure. This could be explained by closer follow-up of these patients. We also observed a trend for lower proportion of time spent at therapeutical INR values in younger patients, although our power was too limited to draw any conclusions, it is possible that younger patients tend to have looser follow-ups or were followed for a shorter period of time. Rates of symptomatic TE event were similar to results in the ELATE trial, but slightly lower than in most other studies and rates of bleeding events were similar to most studies [4, 5, [8] [9] [10] .
We chose to report time spent within INR ranges that differ from the classical therapeutic target of 2.0 to 3.0. We believe this is well supported by the literature. The established therapeutic range of INR derives mainly from a randomised study published by Hull and all in 1982 [11, 12] . The purpose of this study was to determine if a "lower intensity anticoagulation" (INR between 2.0 and 2.3) compared to "moderate intensity anticoagulation" (INR between 2.5 and 4.1) would diminish the bleeding risk without reducing effectiveness for treatment of deep vein thrombosis (DVT). Other studies, done with the same purpose, showed a reduction in bleeding events while maintaining effectiveness for thrombosis prevention and treatment and systemic embolism in tissue heart valves and atrial fibrillation with less intense anticoagulation [13] [14] [15] [16] . One of the earlier studies even showed effectiveness of anticoagulant therapy at range of INR between 1.6 and 2.5 for the treatment of acute myocardial infarction. This same study proved a significant risk reduction of 92% for strokes and 60% for pulmonary embolism (PE) (P < 0.05) [17] . Years later, the PREVENT Study showed that a target INR between 1.5 and 2.0 reduced the risk of recurrent TE events compared to placebo, but the ELATE trial reported slight superiority of higher INR target [18, 19] . It remains that a target INR between 1.5 -2.0 is considered by some an effective and safe alternative for patients who need prolonged anticoagulant therapy but are at higher bleeding risk [20] . A review of hemorrhagic risk with anticoagulant therapy shows that exponential risk of bleeding and associated mortality are mostly present at INR values above 3.5 to 4.5 [21] [22] [23] . These results gave birth to the now famous INR u-shaped risk curve, showing the risk of thrombosis increases steeply at values lower than 1.5, and the risk of bleeding increases sharply at values higher than 5.0 [24] . Taken together, this literature suggests that INR values between 1.5 and 3.5 are relatively safe and clinically effective. While aiming at values between 2.0 and 3.0, clinicians can consider that values near limits of the range only need minor adjustments of posology and are not worrisome. It is therefore a very significant result to show that patients spend on average 98.7% of their time within this range. Speaking about bleeding complications, we strongly believe that the majority of hemorrhage episodes in our study would be also seen with other anticoagulation drugs and were due to the patients' bleeding risk and not to the drug of choice.
The retrospective and single-center design is limitation of this study. It is possible that the low rate of thrombotic and bleeding events is due to the retrospective design since events could have occurred at other centers, although the close follow-up done at the anticoagulation clinic makes this highly unlikely.
Strength of our study is the measurement method of our primary outcome (linear interpolation). This method gives a better representation of anticoagulation adequacy with Warfarin than the simple proportion of INR values falling within the therapeutic interval. Furthermore, reporting of time spend in values very close to the classical therapeutical target of 2.0 to 3.0 allows to grasp the rarity of extreme values when Warfarin is followed in a specialized anticoagulation clinic. Our study also has good external validity, since it was performed in a real-life setting, and patients with multiples co-morbidities were included in the study (old age, chronic kidney failure, past history of bleeding, concomitant use of antiplatelet therapy, etc.).
In conclusion, we demonstrated that patients followed in a specialized anticoagulation clinic spend on average 68.9% of their time within the therapeutical range of INR, but 98.7% of their time within very safe and effective INR values. Considering the multiple other advantages of Warfarin (observance measurement, availability of follow-up, low cost, and efficient proven antidote), we believe Warfarin retains a favorable profile compared to newer anticoagulant, especially for long term treatment. Data on observance to treatment of newer anticoagulants, which, outside the setting of randomized controlled trials, are given with very little follow-up, should be compared to the objective proof of adequate anticoagulation offered by Warfarin follow-up. To date, no real-life data can assure us that newer anticoagulant can provide long term, safe and effective anticoagulation.
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